Summary Medication persistence and adherence are critical for osteoporosis outcomes. Using the Taiwan National Health Insurance Research Database, we found that persistence and adherence to teriparatide were low in Taiwanese patients with osteoporosis and that greater persistence and adherence were associated with a lower incidence of hip and other nonvertebral fractures. Introduction The purpose of this study was to determine the persistence and adherence to teriparatide treatment in Taiwanese patients with osteoporosis, and to examine the association between persistence and adherence to teriparatide with fracture risks. Methods Medical and pharmacy claims for 4,692 patients with vertebral or hip fractures and teriparatide prescriptions between 2005 and 2008 were identified (Taiwan National Health Insurance Research Database). Persistence was the time from the start of treatment to the first 90-day gap between two teriparatide prescriptions. Adherence was the number of teriparatide pens (each pen is used over 1 month) prescribed over 24 months. Association of persistence and adherence to teriparatide with fracture incidence was assessed using adjusted Cox proportional hazards models. Results The proportion of patients persisting with teriparatide for >6 months and >12 months was 44.6 and 24.9 %, respectively. Over 24 months, 53.6 % of patients were adherent for >6 months and 33.9 % were adherent for >12 months. Patients persisting for >12 months had a significantly lower incidence of hip (adjusted hazard ratio [HR] Conclusions Persistence and adherence to teriparatide over 24 months were low in Taiwanese patients with osteoporosis; greater adherence and persistence were associated with a lower incidence of nonvertebral fractures.
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Introduction
Osteoporosis is a major, global health problem, especially in the aging population [1] . Fragility fractures, most commonly of the hip, vertebrae, and wrist, are a major complication of osteoporosis and are associated with increased mortality and reduced mobility [2] . Worldwide, approximately 9 million men and women older than 50 years experienced osteoporotic fractures in 2000 [3] . Of these, 1.6 million (18.2 %) were hip fractures and 1.4 million (15.8 %) were vertebral fractures [3] . Hip fracture alone is responsible for 41 % of the global osteoporosis morbidity burden [3] . Although hip fracture rates in Taiwan are decreasing or have plateaued [4, 5] , they are among the highest in the world (299 per 100,000 population in 2010) [6] . The high hip fracture rates in Taiwan are proposed to be due to inadequate nutrition of the older generation in years past, poor geriatric care, a high risk of falls, and an aging population [7] .
A number of effective treatments that aim to decrease the risk of fracture are available for patients with osteoporosis [2, 8 ] . T h e s e i n c l u d e a n t i r e s o r p t i v e dr u g s s u c h a s bisphosphonates; the selective estrogen receptor modulator, raloxifene; calcitonin; hormone replacement therapy; denosumab; and anabolic drugs, such as teriparatide [Forteo®; recombinant human parathyroid hormone (1-34)] [9] . Antiresorptive drugs decrease the risk of osteoporotic fracture by slowing bone resorption and turnover, and maintaining or increasing bone mass [10] . In contrast, anabolic drugs decrease the risk of osteoporotic fracture [11] by stimulating bone formation [12] .
Treatment persistence and adherence are important for the success of long-term therapies and can improve clinical outcomes [13] . However, adherence to osteoporosis medications is generally poor in real-world settings [14] . A medication possession ratio (MPR) ≥50 % is considered to be the minimal level of adherence required for a beneficial effect on fracture rate [15] , and an inverse relationship between treatment adherence and fracture risk is well established [14, 15] . Previous studies conducted primarily in Caucasian populations have shown that only 30 to 50 % of patients adhere (MPR > 8 0 % ) t o a p p r o v e d o s t e o p o r o s i s m e d i c a t i o n s (bisphosphonates) after 2 years [16, 17] . Further, a number of studies have demonstrated that greater persistence or adherence to osteoporosis medications is associated with reduced fracture incidence [15] [16] [17] [18] [19] [20] [21] .
Several studies on teriparatide have demonstrated reduced fracture incidence with greater persistence [18] [19] [20] [21] . However, only one study, conducted in a real-world setting using a United States (US) claims database, has demonstrated that both greater persistence and adherence to teriparatide are associated with lower risks of all clinical vertebral and nonvertebral fractures [18] . In Taiwan, the Ministry of Health and Welfare approved the use of teriparatide for up to 24 months for the treatment of osteoporosis in postmenopausal women and men at high risk for fragility fracture. However, the National Health Insurance (NHI) scheme in Taiwan only reimburses teriparatide use for up to 18 months. Persistence and adherence to teriparatide have not been examined in Taiwanese patients with osteoporosis and limited information is available in other Asian populations [22] .
In this retrospective study, we examine the links between persistence and adherence to teriparatide treatment and the risk of fractures in patients with osteoporosis using the Taiwan National Health Insurance Research Database (NHIRD). First, we aimed to examine the clinical characteristics of Taiwanese patients with previous fracture who were treated with teriparatide. Second, we aimed to examine the association between persistence and adherence to teriparatide with the incidence of hip and other nonvertebral fractures in Taiwan.
Methods

Data source
The NHI program, established in 1995, is a public health insurance system in which participation is mandatory for all citizens of Taiwan. In 2014, 99.1 % of the population of Taiwan were enrolled [23] . The NHIRD has proven to be a valuable source of real-world clinical data for populationbased studies, including studies on fractures and osteoporosis [24] . The current study is a retrospective, cohort study conducted in Taiwanese patients treated with teriparatide. Data of medical and pharmacy claims between 1 January 2004 and 31 December 2010 in the NHIRD were supplied by the National Health Insurance Administration (formerly the Bureau of National Health Insurance), Ministry of Health and Welfare, Taiwan. This study was conducted in accordance with the Declaration of Helsinki and was approved by the National Taiwan University Hospital Institutional Review Board.
Study population
As per the NHI criteria for teriparatide reimbursement, patients were included if they had an International Classification of Diseases 9th Revision, Clinical Modification (ICD-9-CM) code for osteoporosis (733.xx) and/or major prevalent osteoporotic fractures (spine: ICD-9-CM codes 805.2, 805.4, 805.8, 806.2x, 806.4, 806.8; hip fracture: ICD-9-CM code 820.x) and had used teriparatide between 1 January 2005 and 31 December 2008. Patients were excluded if they were aged <50 years, had Paget's disease (ICD-9-CM code 731.0), had used teriparatide in the 12 months before the index date (date of first prescription for teriparatide), had open fractures (with the exception of hip) or fractures due to external causes, including hightrauma accidents (ICD-9-CM E codes), or had used teriparatide for greater than 24 months. Open fractures of the hip were not excluded as these fracture types may occur due to low impact trauma in frail older adults in the real-world setting.
Treatment
Patients were prescribed teriparatide 20 μg daily (Forteo®, Eli Lilly and Company, Indianapolis, IN, USA) by subcutaneous injection for a maximum of 24 months. Patients were followed for 24 months after index teriparatide prescription.
Persistence and adherence
Persistence was determined as the time from the start of treatment to the first 90-day gap between two teriparatide prescriptions. Patients were classified as persisting with teriparatide for ≤12 months or >12 months. Adherence was defined by the number of teriparatide pens (each pen is intended for 1 month of use) prescribed within the 24-month study period. Hence, patients with a prescription for teriparatide were assumed to be adherent if they were using one pen per month for the total number of months where a prescription was recorded. The rate of adherence was calculated by dividing the total number of pens prescribed over a given period by the maximum number of pens that could be used over that period. Although the NHI reimbursement for teriparatide is for a maximum of 18 pens in 24 months, prescription of teriparatide is not required to go through pre-authorization in Taiwan. Therefore, some patients could have been prescribed more than the reimbursed maximum number of pens within the 24-month study period. The concept of MPR is not used in the currently study because of this special prescription restriction in Taiwan. Patients were classified as being adherent for ≤12 months or >12 months of teriparatide use.
Fractures
New nonvertebral fractures (ICD-9-CM codes hip: 820. occurring during the study period were summarized. New fractures were defined as new fragility fractures that occurred ≥90 days after the index date in order to provide sufficient time for therapeutic effects to begin after exposure to teriparatide. Data for hip fracture were obtained from inpatient claims; data for other fracture types were obtained from inpatient and outpatient claims.
Statistical analysis
Patient demographic and clinical characteristics were summarized for the total population and reported by persistence and adherence groups. Assessment of imbalance was performed using a two-sample t test for continuous variables and a chisquared test for categorical variables. A P value < 0.05 was considered statistically significant. The association of persistence and adherence to teriparatide with fracture incidence was assessed using unadjusted Kaplan-Meier curves and Cox proportional hazard models. Patient data were censored if patients reached the study endpoint (new nonvertebral fracture) or were no longer covered by the NHI (a proxy measure of death). Cox models were adjusted at baseline for demographics (age, sex, and previous fractures), and 12 months prior to index teriparatide prescription for concomitant osteoporosis medications, other concomitant medications affecting bone, and comorbidities. Models were also stratified by adherence and persistence, and in some instances adherence was treated as a time-varying covariate. Statistical analyses were conducted using SAS version 9.4 (SAS Institute, Cary, USA).
Results
Patient characteristics
Of the 6,997,079 patients who lodged medical and pharmacy claims in the NHIRD between 2005 and 2008, 4,624 were included in the study (Fig. 1) . Most (85.0 %) patients were female and almost two thirds (65.5 %) of the patients were aged ≥75 years (Table 1) .
Prevalent vertebral and hip fractures were reported in 87.7 and 20.3 % of patients, respectively (Table 1) .
Comorbidities and other medications
The majority (85.4 %) of patients had a diagnosis of osteoporosis within 12 months of the index date ( Table 1 ). The most frequently reported (affecting >20 % of patients) comorbidities were asthma or chronic obstructive pulmonary disease (27.6 %), cataracts (25.0 %), and diabetes mellitus (24.2 %) ( Table 1) . Previous treatments for osteoporosis in the 12-month pre-index period were alendronate (31.7 % of patients), calcitonin (26.7 % of patients), raloxifene (20.2 % of patients), and ibandronate (0.2 % of patients) (Table 1) . Overall, close to 80 % of patients received previous treatment for osteoporosis prior to the initiation of teriparatide. Common (>20 % of patients) concomitant medications prescribed during the pre-index period that affected bone included glucocorticoids (29.7 %) and anticonvulsants (20.3 %).
After discontinuing teriparatide, 2,687 (58.1 %) patients switched to one or more other osteoporosis medications. Of these 2,004 (74.6 %) patients switched to one osteoporosis medication only, 1,725 (64.2 %) switched to alendronate, 1, 149 (42.8 %) switched to raloxifene, and 572 (21.3 %) switched to calcitonin.
Persistence
Persistence with teriparatide during the 24-month period was low (Fig. 2) . Less than half (44.6 %) of patients persisted with teriparatide for >6 months, and only 1 in 4 (24.9 %) patients persisted with teriparatide for >12 months. Persistence with teriparatide for >12 months was greater in patients younger than 75 years than in older patients ( Table 1) . The proportion of patients persisting for >12 months was significantly (P < 0.05) greater than the proportion persisting for ≤12 months in patients who received previous osteoporosis medications (except for ibandronate), had previous vertebral fractures, had cataracts, depression, or received immunosuppressants (Table 1 ). In contrast, the proportion persisting >12 months was lower than the proportion persisting for ≤12 months in patients who had previous hip, leg, or shoulder fractures, had renal diseases, or received glucocorticoids (Table 1) .
Adherence
Over the 24-month study period, 53.6 % of patients were adherent for >6 months and 33.9 % were adherent for >12 months. Adherence to teriparatide was greater in patients younger than 75 years than among older patients (particularly those ≥85 years) ( Table 1 ). The proportion of patients who were adherent for >12 months was significantly (P < 0.05) greater than the proportion who were adherent for ≤12 months in patients who received previous alendronate or calcitonin, had previous vertebral fracture, had a diagnosis of osteoporosis during the 12-month pre-index period, cataracts, or depression, or received immunosuppressants or hormone replacement therapy. In contrast, the proportion of patients who were adherent for >12 months was lower than the proportion who were adherent for ≤12 months in patients who had previous hip or leg fractures, or had diabetes mellitus or renal diseases (Table 1) . Effect of persistence and adherence on fracture
Persistence and adherence to teriparatide had a significant effect on the risk of hip and other nonvertebral fractures ( Table 2 , Fig. 3 ). Persistence for >12 months was associated (Table 2 ). Adherence to Table 2) . No association between persistence or adherence and the incidence of nonvertebral fracture was found at any individual site other than the hip (Table 2) .
Discussion
This is the first study to examine the association of persistence and adherence to teriparatide with fracture risk in real-world clinical practice in Taiwan. We found that both persistence and adherence to teriparatide in Taiwanese patients with osteoporosis were low, and that lower persistence and adherence were associated with a significantly increased risk of hip and other nonvertebral fractures in patients who had previous fracture(s). Our results indicate that persistence and adherence to teriparatide are inversely associated with fracture risk in patients with osteoporosis. Thus, improving patient persistence and adherence has an important role in fracture prevention in patients treated with teriparatide. We found that the incidence of hip and all nonvertebral fractures (when pooled for analysis) decreased significantly with increasing persistence and adherence to teriparatide. There were also reductions in the incidences of shoulder, forearm, clavicle, pelvis, leg, and rib fractures with greater persistence and adherence, although these were not statistically significant due to low patient numbers. These findings are in agreement with those from other real-world studies. In a similar, real-world study in the USA, which used data from a claims database, the risk of vertebral and nonvertebral fractures decreased significantly with increasing persistence and adherence to teriparatide [18] . In the European Forsteo Observational Study, significantly greater reductions in vertebral and nonvertebral fracture rates were observed in patients treated with teriparatide for 12 to 18 months compared with those treated for 6 months or less [25] . However, it is also important to acknowledge that adherence is not merely a random behavior, and adherent patients may have superior outcomes for many reasons unrelated to medication usage. This is supported by the observation that adherent patients administered placebo fare better than nonadherent patients [26] .
We found that the proportion of Taiwanese patients who persisted with teriparatide for more than 12 months was low (about 1 in 4). To our knowledge, this is the first study of persistence with teriparatide in an Asian country other than Japan. The persistence rate was lower than persistence rates reported at 12 months in similar real-world studies in Japan (61.0 %), the USA (56.7-69.0 %), and Europe (77.0 %) [18, 22, 25, 27] . One of the above studies [18] only included patients with two or more prescriptions for teriparatide. Despite the more conservative definition of persistence in the Yu et al. study (≤45 day gap between 2 prescriptions compared with 90 days), the persistence rate was still much higher than in the current study (69.0 versus 24.9 %) [18] . The higher persistence with teriparatide treatment in the above studies is probably because patients in Taiwan only receive reimbursement for up to 18 months of use, even though the approved treatment duration for teriparatide is up to 24 months. In addition, the high workload common in many outpatient clinics in Taiwan means that patients often do not receive the appropriate education or instructions required, which may have resulted in suboptimal patient education in our study. Successful implementation of a patient support program, consisting of regular telephone-based, nurse-directed contact, has been shown to enhance patient persistence through the provision of ongoing education and self-management advice [28, 29] . Another recent strategy to increase persistence and address care gaps in osteoporosis management has been the establishment of coordinated care models, such as fracture liaison services, which have resulted in higher rates of osteoporosis diagnoses [30] , increased initiation of osteoporosis medications for fracture risk reduction [31] , and improved persistence with medication regimens [31] .
We found that the adherence rates in our study were also low, with only 33.9 % of patients being adherent for >12 months. This low rate of adherence is primarily because of the restricted reimbursement criterion of up to 18 months of use. However, adherence to antiosteoporotic drugs, in general, is low in Taiwan. Low rates of adherence have been reported for alendronate (38.2 % patients with MPR ≥80 % at 12 months) in Taiwan using the NHIRD [32] , and to bisphosphonates and calcitonin (37.5 % patients with MPR ≥80 % at 24 months) [33] . In a retrospective analysis of NHIRD data from 32,604 patients initiating bisphosphonate therapy in Taiwan, nearly 50 % of patients were found to be nonadherent (MPR < 80 %) to bisphosphonates at 3 months, and approximately 70 % were nonadherent at 1 year [34] . A significant association between adherence and refracture risk was observed, with highly adherent (>80 %) patients displaying significantly lower levels of refracture compared to patients with low (<80 %) adherence [34] . In another study, data from patients with (n = 8,027) and without (n = 79,388) secondary fracture in Taiwan were retrospectively analyzed, with a significant inverse association found between bisphosphonate therapy and the risk of secondary fracture [35] . Suboptimal persistence and adherence to antiresorptive treatment is associated with increased risk of fragility fractures [15, 17] . Despite this, improving persistence/adherence to osteoporosis medications remains a challenge in many Asian countries. Persistence and adherence to osteoporosis medications varies throughout Asia, but is generally lower than in the US and Europe. In a South Korean study of bisphosphonates, only 6.7 % of patients with hip fractures had an MPR ≥80 % and only 12.3 % persisted for 12 months [36] . In a pooled, retrospective study of osteoporosis medication in Singapore, 83 % of patients had an MPR ≥80 % at 12 months [37] , including five patients on teriparatide with an average MPR of 60 % [37] . In a study of postmenopausal women with osteoporosis throughout Asia that compared raloxifene and bisphosphonates, 50.2 and 37.5 % of patients completed the 12-month study, respectively [38] . The major reason given for discontinuation for both groups was Blost to follow-up^(33.1 and 37.5 % of patients in the raloxifene and bisphosphonate groups, respectively) [38] . Other reasons included Bchose to leave^, Bstopped treatment^, and Bchanged treatment^ [38] .
A number of factors may contribute to the lower persistence and adherence to osteoporosis medications in Taiwan and in Asia in general. These factors include out-of-pocket costs for patients due to high therapy costs, lack of health insurance, inadequate follow-up, side effects of treatment, lack of patient education, and asymptomatic disease [39, 40] . Furthermore, previous studies have shown that multiple factors such as sex [41] , health care provider (general practitioner versus specialist) [41] , and severity of disease [25] may also affect persistence and adherence to teriparatide. The primary reasons for the low persistence and adherence to teriparatide in Taiwan may be because of the restricted reimbursement criteria of up to 18 months, inappropriate follow-up of patients after discharge from hospital, and the fact that the majority of prescribers of antiosteoporosis drugs in Taiwan are orthopedists, who are focussed primarily on fracture repair and restoration of mobility [39] . Findings from a retrospective study in Taiwan have shown that patients who receive antiosteoporosis drugs from orthopedists have lower persistence and adherence to treatment than patients who receive antiosteoporosis drugs from bone specialists [39] . Cost is unlikely to be a contributor to the low persistence and adherence to teriparatide because patients in the NHIRD were reimbursed by the NHI with limited copayments.
In our study, a substantial proportion of patients (41.9 %) were not prescribed osteoporosis medication subsequent to teriparatide discontinuation. This finding is of concern given that steady declines in BMD are expected following teriparatide discontinuation [42] . Clinical trial evidence examining the effect of sequential therapy on bone markers suggests that subsequent treatment with an antiresorptive, such as alendronate, may help preserve and even extend BMD gains achieved with teriparatide therapy [43] . Unlike antiresorptives, teriparatide has been shown to stimulate bone formation [44] , restore trabecular microarchitecture [44] , and increase cortical thickness [44] . In the longer term, these changes are expected to confer a reduced risk of vertebral and nonvertebral fracture, though this has not yet been conclusively proven.
This study was a retrospective analysis of data obtained from real-world clinical practice, which is strengthened by the large sample size and generalizability to the Taiwanese population. However, this study has several limitations common to studies of claims-based databases using administrative codification. These include an inherent bias due to its retrospective design and, because the study data were obtained from a claims database, there is no confirmation that teriparatide was actually administered as indicated. Thus, fracture incidence may be under-or overestimated and adherence may be overestimated. However, in addition to adjusting for the previously mentioned variables, sensitivity analyses were conducted treating adherence as a time-dependant covariate for inpatient and outpatient claims for all nonvertebral fractures including hip. The HR point estimates (0.87, 95 % CI: 0.77-0.99; P = 0.0288) from these analyses also indicated a lower fracture risk with increased teriparatide exposure. Further, while every attempt was made to exclude patients with open and trauma-related fractures from the analysis, some may have inadvertently been included due to the potential for improper coding of some fractures (such as ankle fractures) and lack of routine trauma coding in clinical practice. In addition, identification of osteoporosis occurred by ICD-9-CM coding for osteoporosis and/or major prevalent osteoporotic fractures (spine or hip fracture) as this was mandatory for teriparatide reimbursement by the NHI. However, using this approach, it is recognized that patients with previous fragility fractures from other sites would be excluded. Finally, an evaluation of the association between post-discontinuation treatment and fracture risk was not conducted due to the potential influence of missing data and unmeasured confounders inherent to claims databases such as the one used in our study. This bias would be further exaggerated given the high switch rate (58.1 %) from teriparatide to other osteoporosis medications.
In conclusion, this is the first study to examine the association of both persistence and adherence to teriparatide with fracture risk in real-world clinical practice in Taiwan. The data confirmed that greater persistence and adherence were associated with a significantly reduced incidence of nonvertebral fractures (including hip fractures). However, both persistence and adherence to teriparatide were low in Taiwanese patients with osteoporosis. Programs supporting patient adherence and persistence, such as patient support programs and fracture liaison services, represent promising strategies to help address shortfalls in osteoporosis management through the provision of patient education and self-management techniques.
